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Purpose: To describe the major factors affecting health during pregnancy, birth and the postnatal period and outline the evidence for interventions to improve outcomes in women and their children.
Design/methodology/approach: Selective review of the literature.  A number of electronic bibliographic databases were searched, including the Cochrane Database of Systematic Reviews, PubMed, and PsycINFO, for relevant studies published since 1990. Papers were restricted to those published in English which presented data from studies conducted in high income countries, with priority given to systematic reviews, randomized controlled trials and other quantitative studies which present a higher level of evidence.
Findings:  Many factors may affect maternal and infant health during and after pregnancy. Potentially modifiable factors with an evidence base to support intervention include improving diet, and avoidance of smoking, alcohol and illicit drugs. Good clinical management of underlying illness is also important along with attempts to engage women in improving health prior to conception and postnatally rather than once pregnancy is established. 
Research limitations/implications: The evidence base for interventions on some potentially modifiable risk factors is incomplete.  There is good evidence of benefit from some health behaviours such as smoking cessation and uptake of breastfeeding and accumulating evidence of benefit of some models of maternity care.
Practical implications: Good maternal health during and after pregnancy plays a key role in giving the child a better start in life. Improved health behaviours is vital but often these are heavily dependent on social context and hence working to tackle social inequality and provide maternity care tailored to individual need is likely to be just as important as trying to directly alter behavior.
Originality/value: Pregnancy and the postnatal period present an opportunity to improve maternal health and have a positive effect on future child health. Greater investment is required in this antenatal period of life.
Implications of the research for policy and practice: 
	Optimal child health cannot be disassociated from optimal maternal health and well-being
	Policy acknowledges the importance of effective care and support from preconception to pregnancy, birth and beyond.
	To support an effective continuum of health for the woman and her child, greater priority is needed to implement and sustain policy recommended change.  
	The evidence base for interventions on some potentially modifiable risk factors is incomplete.
	Research is needed to address implementation of ‘what works’ to improve health behaviour, including maternal diet, uptake and duration of exclusive breastfeeding, and avoidance of smoking, alcohol and illicit drugs. 





The importance of good maternal health is highlighted by WHO’s Millennium Development Goal 5 which aims to improve access to reproductive health care and reduce maternal mortality (\o "WHO, 2013 #113"). Moreover, good maternal health during pregnancy and the postnatal period plays a key role in giving the child a better start in life (\o "Gray, 2013 #142"). Antenatal, postnatal and preconception care are the main interventions used in the health service to try and achieve best outcomes  ADDIN EN.CITE (\o "National Institute for Health and Care Excellence, 2008 #114"a, \o "Temel, 2013 #101"). However, it is clear that interventions are more accessible to some groups of women than with others (\o "Department of Health/Partnerships for Children, 2007 #143"). This raises a number of questions for health professionals, policy makers and researchers. Key among these is: how do we best improve health for all pregnant and postnatal women in an equitable way?
The gradient in health outcomes due to variation in socio-economic position is considered elsewhere in this issue of the journal; nevertheless, it is very important to consider the life that the woman has led before the pregnancy (often termed the “life-course”). Women who have been brought-up in poverty and facing chronic adversity will on balance be more likely to have poorer health at the start of their pregnancy than those not facing such stressors (\o "Kuh, 2002 #144").
The profound physical changes to a woman’s body which occur during and after pregnancy are important to ensure the survival of both mother and baby through the nine months of pregnancy and beyond. However, these changes in themselves act as physical stressors on the woman’s health. For example, during pregnancy the volume of blood pumped by the heart every minute is increased, the heart muscle is thickened to cope with the increased demand and the blood is more likely to clot. In addition, the woman’s tissues become resistant to the hormone insulin leading to high blood sugar levels and, in some women, to gestational diabetes requiring treatment with insulin. Some of these changes may influence the future health of the child as well as the mother (\o "Tan, 2013 #97"). Postnatal health issues such as mental health problems can also affect the longer-term well-being of the woman and her child (Halligan et al, 2007).
In this paper we present some of the main factors which may affect the health of the woman and fetus during and after pregnancy. In particular, we consider how these factors may affect the outcome of the pregnancy and future child health. We also review evidence of ‘what works’ to improve outcomes for a woman and her infant to age three. Many of these interventions are combined into more comprehensive interventions such as preconception, antenatal or postnatal care which aim to target multiple factors at the same time. Health issues addressed in the paper reflect those that recent UK policy reports have targeted in terms of improving birth outcomes to establish the ‘foundations’ of good health and well-being for children (Children and Young People’s Health Outcomes Forum, 2012).  Whilst some factors may be specific to the antenatal or postnatal period, others (for example intimate partner violence) can occur during and beyond pregnancy. 
A number of electronic bibliographic databases were searched, including the Cochrane Database of Systematic Reviews, PubMed and PsycINFO, for relevant studies published since 1990. Papers were restricted to those published in English which presented data from studies conducted in high income countries (World Bank, 2011), with priority given to systematic reviews, randomized controlled trials and other quantitative studies which present a higher level of evidence.
FACTORS AFFECTING MATERNAL AND FETAL HEALTH DURING AND AFTER PREGNANCY
There is accumulating evidence of the effects of certain events, circumstances and maternal health behaviours (for example cigarette smoking in pregnancy) which may influence birth outcomes and/or longer-term maternal and infant health. Quite how or why this occurs remains to be elucidated but it has come to be known as “fetal programming” (Godfrey and Barker, 2001). For example, one of the effects of maternal obesity on the fetus may be to “reset” metabolism so that the child (and later the adult) becomes more predisposed to obesity, diabetes and other chronic diseases (Scott-Pillai et al.,2013, Yu et al., 2013, Poston,  2012). The mechanisms involved in fetal programming are thought to be epigenetic, that is inherited changes in gene (​http:​/​​/​en.wikipedia.org​/​wiki​/​Gene" \o "Gene​) expression that are not caused by changes in the DNA (​http:​/​​/​en.wikipedia.org​/​wiki​/​DNA" \o "DNA​) sequence (Gluckman et al., 2008).  
Although some potential causes of maternal and infant complications may be modifiable, it is important to consider the extent to which a risk factor is causal or linked to particular extenuating circumstances, such as level of social deprivation. Evidence is also accumulating of the possible impact that the model of maternity care a woman receives can have on relevant outcomes (MacArthur et al., 2002, Children and Young People’s Health Outcomes Forum, 2012, Sandall et al., 2013).  Knowing which factors can result in poorer outcomes is important if interventions to reduce or minimize their impact are to be prioritized by service providers and commissioners. In this section, we present these factors under three categories: (a) Preconception health, (b) Antenatal health and (c) Postnatal health.
Preconception health
Age at conception
The average age at giving birth has been increasing in the United Kingdom since the 1970’s. For example, in England during 2011, almost half of all live births were to women aged 30 or more (\o "Office for National Statistics, 2013 #115"a). Similar trends have been reported in other European countries and the United States. The extremes of the age distribution in pregnancy - older and younger women - are associated with increased risk of adverse pregnancy outcome including preterm birth, low birth weight and stillbirth. Although there has been a reduction in teenage pregnancy rate, the rate is still relatively high in the UK compared to other European countries (\o "EURO-PERISTAT, 2012 #90").Younger women who are pregnant tend to have an increased risk, not so much arising from their age as such, but because they tend to be poorer and are less likely to adopt healthy behaviours. For example 57% of teenage women smoked during pregnancy in 2010 in the UK compared to an overall rate of around a quarter (\o "McAndrew, 2012 #69"). On the other hand, older women, who on average tend to be more affluent and show healthier behaviours, do seem to be at an increased risk because of their age. A recent study of 215,344 UK births found that women aged 40 or above at the time of delivery were at increased risk of stillbirth, preterm birth, having a large baby and delivery by Caesarean section (\o "Kenny, 2013 #116"). Furthermore, these findings held after the results were adjusted for the effect of socio-economic status. Other studies have produced similar findings. 
Pre-existing maternal chronic disease and disability
A number of women who become pregnant will have a pre-established diagnosis of one or more diseases. In addition to common conditions such as asthma, diabetes and arthritis one occasionally sees debilitating disease from less common conditions such as multiple sclerosis, cystic fibrosis or inflammatory bowel diseases. Any effects on the fetus and child will depend on the nature and severity of the underlying condition. Usually women with the rarer and more severe conditions will be receiving specialist treatment and may be under the care of an obstetric physician as well. The importance of preconception care in this group cannot be underestimated. This provides an opportunity to optimise management and consider the impact of the condition and any medication required (\o "Nelson-Piercy, 2010 #74").
A number of women who become pregnant may have a disability. In one recent study using the Millennium Cohort Study, a UK-wide study of 18,231 women who gave birth at the turn of the century, a prevalence rate of longstanding limiting illness of 9% was found with musculoskeletal, respiratory and mental disorders accounted for most of the health problems (\o "Sumilo, 2012 #145"). Furthermore, it was found that longstanding limiting illness in the woman around the time of birth increases the risk of longstanding limiting illness in the child at the age of 7 years independently of the child starting life in poverty (Sumilo et al., 2013).
Antenatal health
Health behaviours
In contrast to focusing on poor outcome, there has been very little work on the behaviours which are associated with a good pregnancy outcome. However, a multicenter study investigated the health and pregnancy outcome of 5628 healthy nulliparous women with a singleton pregnancy has generated some interesting, if not unexpected, findings. The authors defined good outcome as a term-delivered uncomplicated pregnancy resulting in a normal sized live birth. Factors associated with good outcome included pre-pregnancy fruit intake at least three times and being employed. Factors associated with poorer outcome included drug misuse, higher BMI and increased blood pressure (\o "Chappell, 2013 #121"). Previous studies have shown that there are a number of health behaviours during pregnancy which are associated with poorer outcome for a woman and her child. These include tobacco smoking (\o "British Medical Association (BMA), 2004 #33"), poor nutrition  ADDIN EN.CITE (\o "Painter, 2005 #23"), heavy alcohol consumption (\o "Riley, 2011 #34", \o "Henderson, 2007 #35"), and use of illicit drugs  ADDIN EN.CITE (\o "Schempf, 2008 #24", \o "Minnes, 2011 #31"). These are compounded by poor health behaviours before pregnancy including lack of exercise and obesity as well as factors operating after pregnancy such as not initiating or not persisting with breast feeding. The impact of each these health behaviours on later child development is complicated by the fact that they tend to cluster together in certain individuals. For example, injecting opiate users may be more likely to smoke, present late for care, have poor diet and more generally poorer health. It is also important to realize that even apparently simple health behaviours such as smoking are determined in a complex and multifactorial way (\o "Graham, 2012 #28"). For example, social context and social circumstances as well as peer behaviours will influence an individual’s behaviour as well as their own health beliefs, their motivation to change behavior and how much they care about the future wellbeing of the child. 
Maternal nutrition
There has been increasing interest in the role of fetal programming in pregnancy, with poor maternal nutrition and maternal obesity both viewed as factors with consequences for outcomes at birth and beyond, the relative contributions of effect of obesity, maternal diet, fetal environment and genetic factors all likely to be important.  
Although overweight and obesity during pregnancy is now considered a major problem with up to 6% of pregnant women in the UK clinically obese (\o "Centre for Maternal and Child Enquiries (CMACE), 2010 #72"), it is readily apparent that obesity is a pre-existing condition; also trying to alter this during pregnancy is not currently recommended (National Institute for Health and Care Excellence (NICE), 2010a). Obesity has been associated with a wide variety of risks to the woman and to the outcome of pregnancy (\o "Sebire, 2001 #150"). A woman who is obese when she becomes pregnant (classed as a Body Mass Index (BMI) greater than or equal to 30kg/m2 (NICE, 2010a)) has a higher risk of a range of fetal congenital anomalies (Rankin et al., 2010, Block et al., 2013), a higher risk of stillbirth (Flenady et al., 2011, Ovesen et al., 2011) and higher risk of recurrent unexplained miscarriage (Lo et al., 2012).  
A recent large retrospective cohort study which used an unselected population data base of births in Scotland from 2003 to 2010 investigated the impact of maternal BMI on clinical complications, inpatient admissions, and NHS costs (Denison et al., 2014). Using multivariable analysis, in comparison with women of normal weight, overweight, obese, or severely obese women had an increased risk of essential hypertension [1.87 (1.18-2.96), 11.90 (7.18-19.72), and 36.10 (18.33-71.10)], pregnancy-induced hypertension [1.76 (1.60-1.95), 2.98 (2.65-3.36), and 4.48 (3.57-5.63)], gestational diabetes [3.39 (2.30-4.99), 11.90 (7.54-18.79), and 67.40 (37.84-120.03)], emergency caesarean section [1.94 (1.71-2.21), 3.40 (2.91-3.96), and 14.34 (9.38-21.94)], and elective caesarean section [2.06 (1.84-2.30), 4.61 (4.06-5.24), and 17.92 (13.20-24.34)]. Health service costs were higher for obese and severely obese women who were more likely to have an increased number of hospital admissions and longer in-patient stay.  
Obesity is a strong risk factor for the development of diabetes during pregnancy and this requires specialist management (\o "Nelson-Piercy, 2010 #74"). It may also act to ‘programme’ the fetus in such a way as to increase the risk of poor health in the child including an increased risk of obesity as a child and into adulthood (\o "Poston, 2012 #38"). For example, obesity during pregnancy is associated with higher risk of neonatal complications, including premature birth (Heslehurst et al., 2008, Cnattingius et al., 2013) and neonatal hypoglycaemia (Heslehurst et al., 2008). Infants of obese women are more likely to be over-weight at age three (Olson et al., 2009), which may also reflect method of infant feeding. A systematic review by Amir and Donath (2007) found that obese women were less likely to commence breastfeeding and if they did breastfeed, were more likely to feed for a shorter duration than non obese women after adjusting for potential confounding factors.  As breastfeeding has been reported as an effective intervention to reduce early childhood obesity in high income country settings (Ip et al., 2007, Weng et al., 2012, Shi et al., 2013) it is important that women are aware of potential benefits for their own and for their infants health that breastfeeding may offer. Further work is needed to consider longer-term protective benefits of exclusive breastfeeding to six months post-birth in high income country settings.
The impact of maternal eating disorders on birth outcomes in high income settings is a relatively new research area. Some studies have found a higher incidence of prematurity and small for gestational age among infants born to women with an eating disorder, while others have not (Micali and Treasure, 2009, Koubaa et al., 2005). Solmi et al. (2014) undertook a systematic review and meta-analysis of studies comparing the mean birth weight of babies born to women who had a history of anorexia nervosa with birth weights of infants born to women who did not. Fourteen studies published between 1999 and 2012 in the Netherlands, New Zealand, Denmark, Norway, Sweden, and the UK were included in the systematic review and nine in the meta-analysis. There was  a standardized mean difference of -0.19 kg (95% CI: -0.25, -0.15; P = 0.01) in the birth weight of infants born to women with a history of anorexia nervosa, with some bias in favour of papers presenting lower birth weight results for this group. Low statistical power due to the small number of studies included could mean that this was a chance finding. Nevertheless maternal anorexia nervosa could predict lower infant birth weight and large well controlled prospective studies are needed to provide further evidence of how maternal eating disorders impact on birth outcomes.
Koubaa and colleagues (2013) undertook a longitudinal cohort study in Sweden of early growth and neurocognitive development of infants born to 47 women who had a previous history of eating disorders (20 had bulimia nervosa, 24 anorexia nervosa and three cases were unspecified), with outcomes compared to infants born to 65 women who had not experienced an eating disorder.  The weight and height of infants from birth to 5 years of age and head circumference up to 18 months of age were compared between the groups.  Mean infant birth weight was lower in infants born to women with an eating disorder although at 3 months of age BMI was no longer reduced. Although the children of women with an eating disorder demonstrated an early catch-up in BMI, average head circumference measurements continued to be lower until at least 18 months of age and were associated with poorer neurocognitive development. The authors recommended that children born to women with a history of eating disorders should have longer-term follow up to assess neurocognitive development.
Blood pressure during pregnancy
The recognition and management of high blood pressure during pregnancy is critically important as it can be associated with severe illness and death of  the woman, as well as growth retardation in the fetus (\o "Nelson-Piercy, 2010 #74"). While women with pre-existing high blood pressure may become pregnant, high blood pressure may occur for the first time in pregnancy, especially in the second half. Full details on the management of this group of disorders has been published by NICE (\o "National Institute for Health and Clinical Excellence, 2010 #117"b). There is good evidence to suggest that hypertensive disorders in pregnancy may be associated with increased risk of cardiovascular disease but not cancer in later life in the woman (\o "Bellamy, 2007 #118"). Furthermore children of pregnancies complicated by preeclampsia show both increased blood pressure and increased body mass index (\o "Davis, 2012 #119").
Drug treatment in pregnancy – teratogens
Drugs may be used to treat a variety of medical conditions or to offer relief from common symptoms during pregnancy such as nausea and back pain. A wide variety of drugs have been linked with risks to the woman or fetus. In particular, some drugs known as ‘teratogens’, may interfere with fetal development to cause a birth defect (\o "Buhimschi, 2009 #147"). Ideally one would not want pregnant women taking any medication with an associated risk. Nevertheless, in some situations the risks to the fetus may be more than offset by the risks to the woman (and the continuing pregnancy) of stopping medication. If medication cannot be safely stopped then changing to a similar drug with less toxicity may sometimes be possible.
Chemical and environmental RCOG report
There has been a lot of concern about exposure to lead (\o "Flora, 2012 #122") and other environmental contaminants in the past. More recently, there have been warnings about the effects of environmental tobacco smoke exposure during pregnancy  ADDIN EN.CITE (\o "Ward, 2007 #123"). Unfortunately for a lot of other contaminants there is very little in the way of an evidence–base and studies are needed in both animal and human populations. Findings are often inconsistent or may even conflict. For example, a recent review of environmental contaminant exposures and preterm birth found no consistent evidence for associations between a wide variety of chemical exposures and preterm birth  ADDIN EN.CITE (\o "Ferguson, 2013 #124"). On the other hand, a more general review published in 2008 on associations between reproductive and child health outcomes and environmental contaminants found positive associations for prenatal exposure to methylmercury (resulting in neurodevelopmental delay) and high-level prenatal exposure to polychlorinated biphenyls and related toxicants (neonatal tooth abnormalities) (\o "Wigle, 2008 #125"). In an area with so many uncertainties, it is unclear what advice to offer. The RCOG’s Scientific Advisory Committee has suggested a ‘safety first’ approach (\o "Royal College of Obstetricians and Gynaecologists , 2013 #126"), although many have seen this as unduly cautious (\o "Sense about Science, 2013 #127").
Intimate partner violence
Intimate partner violence is an important and likely underestimated factor which adversely affects a woman’s health during and after pregnancy (Howard et al., 2013). A recent systematic review and meta-analysis of domestic violence during the perinatal period which included data from 67 papers found a 3 fold increase in odds of high levels of postnatal depression after having experienced partner violence during pregnancy (odds ratio 3.1, 95% CI 2.7–3.6). Increased odds of a history of domestic violence among women with high levels of anxiety, depression and post-traumatic stress disorder were consistently reported in cross-sectional studies. Although many of the effects are on the woman’s mental health it is important to remember that intimate partner violence has also been associated with maternal injury, poorer general health and adverse pregnancy outcome (\o "Plichta, 2004 #146").
 Postnatal health
Preterm birth and prematurity
Preterm birth occurs when a baby is born at less than 37 weeks gestational age; such babies are frequently described as being premature (\o "McCormick, 2011 #154"). Preterm birth is common with a global prevalence of 11.1% of all live births  ADDIN EN.CITE (\o "Blencowe, 2012 #128") with UK rates at 7.1% (\o "Office for National Statistics,  #129", 2013b). The consequences of preterm birth for the child can be considerable. Children who are born preterm are at greatly increased risk of a number of conditions including neurodevelopmental problems (National Research Council (2007). Indeed, preterm birth is a major cause of neurodisability. Babies that are born particularly early, for example, before twenty nine weeks of gestation, are at a much greater risk of severe neurodevelopmental problems than those born preterm at a later gestation  ADDIN EN.CITE (\o "Moore, 2012 #20"). However, because there are relatively few born this early- numerically a lot more children are born in the so-called ‘late-preterm period’ - there is actually a greater burden of neurodevelopmental problems arising from the group (\o "MacKay, 2010 #140"). In addition to increased risk of neurodevelopmental problems, children born preterm are at a higher risk of premature mortality (prematurity is the major cause of infant mortality in the developed world), cerebral palsy  ADDIN EN.CITE (\o "Oskoui, 2013 #130", \o "Spittle, 2013 #155"), chronic lung disease (\o "Kotecha, 2013 #131") and potentially fatal bowel disease (\o "Frost, 2013 #132"). Follow up studies of children born preterm have been conducted in a number of developed countries through to adult hood and show their adult health and development is poorer than their term born counterparts  ADDIN EN.CITE (\o "Myers, 2009 #133", \o "Moster, 2008 #134"). 
Intrauterine growth restriction
Whilst preterm birth is one of the causes of low birth weight, the other major cause is intrauterine growth restriction (IUGR). Essentially this is a term used to refer to impaired growth of the fetus. There are multiple risk factors for intrauterine growth retardation, for example, problems with the functioning of the placenta, poor nutrition, smoking, alcohol and drug use, diabetes, obesity, hypertension and preeclampsia are all associated with intrauterine growth retardation. However, in many cases there is no obvious cause  ADDIN EN.CITE (\o "McCowan, 2010 #136"). Around 3-10% of pregnancies are affected by IUGR and both stillbirth and infant mortality rates are considerably higher in affected pregnancies. Around 50% of surviving infants show some kind of sequelae including neurodevelopmental disorder. Many children with IUGR are also born preterm and hence separating the effects can be difficult. Nevertheless, a study of term new-borns who were small for gestational age but without signs of placental insufficiency demonstrated they had had poorer neurobehavioral outcomes than controls  ADDIN EN.CITE (\o "Figueras, 2009 #137").
Maternal physical or psychological morbidity
In addition to birth outcomes with consequences for infant health, many women experience postnatal physical or psychological morbidity as a consequence of their previous or current medical history, or care during labour including mode of birth, which may impact on their shorter and longer-term health. Physical morbidity can include wound pain and wound infection from perineal trauma or caesarean section wounds, urinary or faecal incontinence, backache, long-term fatigue and dyspareunia (MacArthur et al., 2002, Johnson et al., 2012, McDonald and Brown, 2013).  Many women will experience morbidity which persists well beyond the 6 to 8 week postnatal period (Bick et al., 2012). 
Maternal psychological morbidity is one of the commonest complications of childbearing (Bick et al., 2008).  A meta-analysis of 28 prospective studies which reported findings from structured clinical interview assessments, estimated point prevalence including both major and minor depression at various times during the first postpartum year to be between 6.5% to 12.9% (Gavin et al., 2005).  Postnatal psychosis, one of the most severe illnesses a woman may experience post-birth, is estimated to affect one to two in every 1000 new mothers, with risk factors including primiparity, being single, past psychiatric history or a family history of affective psychosis or depression (Essali et al., 2013). 
Several studies have examined possible associations between pregnancy and birth complications and development of maternal Post Traumatic Stress Disorder (PTSD). PTSD prevalence is estimated to be 3% to 6% at around six weeks postpartum, decreasing to around 1.5% at 6 months postpartum (OIde et al., 2006).  A recent systematic review found a relationship between severe maternal morbidity during or after pregnancy and signs and symptoms of PTSD within the first six to eight weeks post-birth (Furuta et al., 2012).  Whether the prevalence of PTSD is higher in a postnatal population than the general population is unclear.  
A number of studies have documented the adverse impacts of maternal mental health, most commonly depression which may or may not have been confirmed by psychiatric interview, on maternal–infant interactions (Murray and Cooper, 1997) and development of later psychiatric and behavioural problems in the child, including delayed intellectual development and psychiatric disorder (Hay et al., 2001, Sharp et al., 1995, Parfitt and Ayers, 2007, Halligan et al., 2007). The precise contribution of maternal mental illness remains unclear.  
Cooper and Murray (1998), in a review of maternal postnatal depression, proposed that the association between depression and adverse child development was a consequence of an impaired pattern of communication between the woman and her infant resulting in some women having negative or neutral feelings towards their infant. Mental illness impacts on a parent’s ability to provide affectively attuned parenting or parental reflective functioning, both viewed as central to an infant’s capacity to develop secure attachment to a primary caregiver (Barlow et al., 2012). A woman’s feelings for her infant can include ideas and emotions aroused by the infant and expressed by the woman’s affectionate and protective behaviour towards her infant such as touching, kissing, cuddling, comforting, prolonged gazing, smiling, recognising infants’ signals and tolerating infant’s demands (Brockington, 2004). This interaction is often referred to as maternal–infant bonding and refers to a tie from the mother to the infant as opposed to a tie from the infant to the mother, which is usually referred to as attachment. 
The concept of maternal–infant bonding has frequently been defined although definitions are inconsistent across studies. Bonding as a concept was popularized following the work of Klaus and Kennell (1976) who wrote of a ‘sensitive period’ following birth during which close parental contact was needed if optimal infant development was to be achieved. The authors later revised this view to reflect that a close bond, which is likely to be a complex developing process, may not be prevented if there is early separation of a mother and her infant (Kennell and Klaus, 1998).  Little is known about the prevalence of difficulties with bonding, how difficulties with bonding relate to maternal mental health or biological and psychosocial correlates of bonding.  It has been proposed that failure to establish an effective parent-child relationship during the first few months of a child’s life could influence the child’s experience of emotional distress in adulthood (Maselko et al., 2011) but further well conducted prospective studies are needed which use an agreed definition and measure of bonding during the early hours, days and weeks of life. 
The boundaries between maternal–infant bonding and maternal mental health have been defined by measuring maternal depression and/or anxiety and bonding in the same sample. Studies have consistently differentiated depression and anxiety from maternal–infant bonding (Klier, 2006 (​http:​/​​/​www.sciencedirect.com​/​science​/​article​/​pii​/​S0266613813000077" \l "bib35​), Moehler et al., 2006 (​http:​/​​/​www.sciencedirect.com​/​science​/​article​/​pii​/​S0266613813000077" \l "bib41​), Reck et al., 2006 (​http:​/​​/​www.sciencedirect.com​/​science​/​article​/​pii​/​S0266613813000077" \l "bib48​)) showing that although maternal mental health may have an effect on maternal–infant bonding, it is the woman's emotions and feelings towards the infant that specifically denote bonding.  
Recent studies have attempted to investigate the association between symptoms of postnatal depression, PTSD and mother–infant bonding during the first 12 months of birth. O’Higgins et al.(2013) assessed bonding using the Mother–Infant Bonding Scale (MIBQ), at 1–4 weeks, 9 weeks, 16 weeks and 1 year post-birth, in 50 women who had high Edinburgh Postnatal Depression scale scores (EPDS, ≥13) at 4 weeks postnatal (a higher score indicates a risk of experiencing depression), and 29 women who had EPDS scores ≤13. A statistically significant association between a higher EPDS score at 4 weeks and MIBQ score at 1–4 weeks, 9 weeks, and at 1 year postnatal respectively was found, with a strong association between bonding in the early weeks and all time points studied. Early bonding rather than early depression was the major predictor of bonding scores at 1 year. As maternal–infant bonding remains vulnerable to confusion, further work is recommended to understand the concept.
EVIDENCE FOR ‘WHAT WORKS’ TO IMPROVE OUTCOMES OF PREGNANCY AND BIRTH
The contacts women have with health care and other providers during and after pregnancy are opportune times to promote evidence based interventions associated with improved birth outcomes. The universal provision of maternity services in the UK provides an ideal opportunity to implement a continuum of planned care, as interventions likely to enhance outcomes could be targeted at women most likely to benefit, for example those who intend to breastfeed. However, for some maternal health behaviours, evidence of how best to support women to adopt healthy lifestyles is variable or in some cases, is lacking (Gray 2013).  In this section, we discuss evidence of interventions to address some of the factors affecting maternal and fetal health presented earlier under the categories of (a) Preconception health, (b) Antenatal health and (c) Postnatal health.
Preconception health
Age at conception
Tackling teenage pregnancy remains a key priority in the current coalition government (Department of Health, 2013) and local government continues to take a lead role for advice and promotion of interventions to reduce teenage conceptions (Local Government Association, 2013). The Department for Children, Schools and Families and Department of Health (2010) reported that (a) implementation of comprehensive sex and relationship education and (b) provision of accessible, young people-centred contraceptive and sexual health services were the two factors that had the strongest impact on teenage pregnancy rate reductions. However, a systematic review investigating teenage pregnancy and social disadvantage highlighted that sex education and sexual health services were not on their own effective for reducing the teenage pregnancy rate and needed to be complemented by early childhood and youth development interventions which tackle social disadvantage (Harden et al., 2009). The effects of early childhood interventions demonstrated the importance of investing in early care and support to reduce the socio-economic disadvantage associated with teenage pregnancy later in life. The authors recommended that youth programmes should complement rather than replace high quality sex education and contraceptive services, and aim to provide young people with relevant social support and skills, improve enjoyment of school, and raise ambitions for the future.
Pre-existing maternal chronic disease and disability
As mentioned earlier, the importance of preconception care for women with pre-existing medical conditions should not be underestimated. For example, the Confidential Enquiry into Maternal and Child Health (CEMACH) (2007) highlighted the importance of women with pre-existing diabetes having access to a preconception service with a multiple disciplinary team to minimise the risk of fetal malformation.  NICE (2008b) guidance for diabetes in pregnancy recommends that diabetic women planning pregnancy should be offered preconception care, information and advice to raise awareness of potential problems. However, a Cochrane review reported little evidence to recommend for or against provision of preconception care as the review included only one trial involving 53 women, which did not report on the pre-specified outcomes of the review (Tieu et al., 2011). Therefore, large, high-quality randomised controlled trials are needed to evaluate the effect of preconception care for women with pre-existing diabetes (Tieu et al., 2011).
A systematic review of the effectiveness of healthcare interventions to improve outcomes for pregnant and postnatal women with disability and for their families found a lack of published research in this area and more research is required (Malouf et al., 2014). 
Antenatal health
Health behaviours and maternal nutrition
One great current interest is the use of financial incentives to improve or maintain motivation to change behaviour (\o "Marteau, 2009 #151"). This seems to be a promising strategy to tackle smoking in pregnancy (\o "Radley, 2013 #152"). However, there has been a mixed reaction in the mass media to the use of incentive schemes and therefore a sound media strategy is important when launching these initiatives (\o "Parke, 2013 #153"). Another potentially promising but largely untested avenue involves harnessing the power of social media to provide information and peer support (\o "Cobb, 2011 #49"). 
A Cochrane review of psychosocial interventions to support women to stop smoking in pregnancy which included data from 86 trials and over 29,000 women showed that interventions increased the proportion of women who stopped smoking in late pregnancy and reduced the number of low birth weight and preterm births with no apparent adverse effects (Chamberlain et al., 2013).  Of note was that trials where interventions were implemented within routine care did not support more women to quit. The effectiveness of alternative approaches to stop or reduce smoking such as nicotine replacement patches, and how to target those in harder to reach groups, such as younger women, still need to be considered.
Further evidence is needed of the effectiveness of interventions aimed at enabling pregnant women and women planning pregnancy to reduce their alcohol consumption. Stade et al. (2009) in a Cochrane review found limited evidence of effectiveness based on data from four trials and recommended urgent need for further work in this area. 
No relevant trials were identified for inclusion in a Cochrane review of antenatal interventions for reducing weight in obese women for improving pregnancy outcomes (Furber et al., 2013).  NICE public health guidance on weight management before, during and after pregnancy does not recommend weight loss programmes during pregnancy but does recommend that women who are overweight or obese at their six to eight week postnatal check are asked if they would like advice or support on how to lose weight (NICE, 2010a). There is evidence that trying to limit weight gain during pregnancy for obese women may be beneficial and there are evidence based interventions which may achieve this  ADDIN EN.CITE (\o "Thangaratinam, 2012 #53", \o "Oteng-Ntim, 2012 #54"). Preconception care to reduce pre-pregnancy weight and consequent risk makes most sense from the point of view of prevention (\o "Shaikh, 2010 #120").
Evidence of effective interventions to support pregnancy and longer-term outcomes of women who have a history of eating disorders before or during pregnancy is required, as research into these aspects of maternal health is relatively recent.
Dietary supplementation
Eating a healthy balanced diet should ensure women get most of the vitamins and minerals they require for a healthy pregnancy. However, it is currently recommended that in addition women take 10 micrograms of vitamin D each day throughout pregnancy as well as 400 micrograms of folic acid daily from preconception through to the 12th week of pregnancy (\o "NHS Choices, 2013 #148"). This should help protect the child against birth defects such as spina bifida (\o "De-Regil, 2010 #149") and against the bone disease rickets. Furthermore, Lassi and colleagues (2013) found that folic acid supplementation during pregnancy significantly reduced incidence of megaloblastic anaemia in the woman. However, they found no impact on improving pre-delivery anaemia or low pre-delivery red cell folate, and no impact on reducing the chance of preterm birth, stillbirths and neonatal deaths.
Intimate partner violence
A Cochrane review investigating the effect of interventions in preventing or reducing domestic violence during pregnancy identified evidence from one single study that the total number of women reporting partner violence during pregnancy and after birth was reduced for women receiving a psychological therapy intervention (RR 0.62, 95% CI 0.48 to 0.88) (Jahanfar et al., 2013). However, the authors recommended high-quality randomised control trials to be undertaken as there was insufficient evidence to assess the effectiveness of interventions for domestic violence on pregnancy outcomes. 
Midwife-led antenatal care
A number of positive benefits for birth outcomes with actual or potential benefit for maternal and infant health have been found in studies of midwifery-led care. A Cochrane review of midwifery led continuity models of care in hospital settings which included data from 13 trials on over 16,000 women found that women randomised to midwife-led care were less likely to experience preterm birth (average RR 0.77, 95% CI 0.62 to 0.94) and fetal loss before 24 weeks' gestation (average RR 0.81, 95% CI 0.66 to 0.99), with no differences in fetal loss/neonatal death of at least 24 weeks (average RR 1.00, 95% CI 0.67 to 1.51) or overall fetal/neonatal death (average RR 0.84, 95% CI 0.71 to 1.00) (Sandall et al .,2013).  Other significant benefits included reduction in use of epidural analgesia, episiotomy and instrumental birth, increased attendance at birth by a known midwife and increased spontaneous vaginal birth. The authors recommended that most women should be offered midwifery-led models of care, with caution applied if women have serious medical or obstetric complications.
Postnatal health
Breastfeeding
The UK has one of the lowest rates in Europe of exclusive breastfeeding to six months, which remains the recommendation of the World Health Organization, despite an increase in the numbers of UK women who commence breastfeeding (The Information Centre, 2012).  Cochrane systematic reviews of interventions such as health education and peer support to increase initiation of breastfeeding demonstrated benefits but none of the included studies was conducted in UK settings (Dyson et al., 2005). A review of interventions to increase breastfeeding duration among healthy women with healthy babies which included data from 52 studies from 21 countries (eight from the UK) found that all forms of additional support when analysed together increased the duration of ‘any breastfeeding’ and stopping any breastfeeding before six months, however success was likely to be increased in areas with high breastfeeding initiation (Renfrew et al., 2012). Younger women and women in lower socio-economic groups in the UK remain less likely to breastfeed (The Information Centre, 2012), with greater priority needed to target these groups who are also likely to adhere to other health behaviours associated with poorer birth outcomes.
Preterm birth and prematurity
Prevention of preterm birth in most cases is not yet possible although some progress has been made with particular groups at particularly high risk (\o "Whitworth, 2011 #141"). Advances in neonatal care have led to great improvement in survival of premature babies in recent years but this may have led to a number of very disabled survivors. Early intervention to try and prevent or ameliorate disability in preterm born infants has been demonstrated to be effective in the short term but is not widely used. In an updated Cochrane review published in 2012, twenty-one studies were identified of which ten were good quality randomized trials. The authors concluded there was evidence of an effect on cognitive and on motor outcomes but these pre-school effects were not sustained into school age (\o "Spittle, 2012 #157").
Midwife-led postnatal care
The timing and content of routine care to women post-birth in the UK has not been revised over recent decades, despite findings of widespread and persistent maternal physical and psychological morbidity (Glazener et al., 1995). A large cluster trial of protocol based, midwifery-led community based postnatal care in England found a significant difference in maternal mental health at 4 and 12 months post-birth among women who received a new model of midwifery, care as measured using the EPDS and mental health component score of the SF-36 (MacArthur et al., 2002, 2003).  Midwives linked with general practices (clusters) randomized to the intervention were asked to plan postnatal contacts with women, with all women receiving contacts up to 28 days rather than the usual 10-14 days and a final home visit at 10-12 weeks which replaced the routine GP contact at six to eight weeks. Women who received the new model of care were also less likely to visit their GP for non routine contacts in the first 12 months after giving birth for themselves or for their infants. 
IMPLICATIONS FOR POLICY AND PRACTICE
We have seen that maternal health before, during and after pregnancy depends on a number of factors including age at when conception occurs, pre-existing health, exposure to toxins, health behaviours and level of maternity care offered. Furthermore, as mentioned earlier, there is a growing evidence base to suggest that health in pregnancy can directly ‘programme’ the health of the child later on (\o "Godfrey, 2001 #60"). Good quality antenatal care is one way of monitoring and promoting good health during pregnancy but has two main drawbacks. First the women who might benefit most often do not access it until later in pregnancy; second, it does not commence until pregnancy is recognized and hence an opportunity is missed to optimize health at the time of conception and in very early pregnancy. The main response to these problems has been a much stronger effort in recent years to help women access care early (ideally before 12 weeks of pregnancy) (\o "Department of Health/Partnerships for Children, 2007 #143"), to improve the management of pregnancy “with complex social factors” (\o "National Collaborating Centre for Women's and Children's Health, 2010 #76"), and the development of preconception care. The evidence-base on effectiveness of preconception care is still developing  ADDIN EN.CITE (\o "Temel, 2013 #101", \o "Seshadri, 2012 #25"); however, two groups of women stand to benefit most: women with pre-existing chronic illness and women with risky health behaviours. However, as many pregnancies are unplanned, women are missing out on the opportunity offered by preconception care. One group which could stand to benefit greatly are obese women. By the time pregnancy has occurred, it is too late to try and substantially alter body size (beyond trying to control weight gain in the pregnancy). However, the opportunity to get weight under control preconceptionally could benefit both women and their pregnancies (\o "Shaikh, 2010 #120"), with greater attention paid to supporting obese or over-weight women post-birth who wish to manage their weight control prior to any subsequent pregnancy (NICE, 2010a). 
Although no opportunity should be lost to improve health behaviours before or after pregnancy, often these are heavily dependent on social context and hence working to tackle social inequality is likely to be just as important as trying to directly alter behavior (\o "Marmot Review, 2010 #92"). In the United States the Nurse-Family partnership model showed very promising results on improving maternal and child outcomes following very rigorous evaluation (\o "Olds, 1986 #159", \o "Nurse-Family Partnership, 2011 #78"). This program involves a substantial home visiting program from a specially trained nurse to a young, first time mother from early pregnancy until the child is two-years-old and may be the way forward with new mothers in socio-economically deprived areas of the UK. A randomized trial of the UK version (named the Family-Nurse Partnership) (\o "GOV.UK, 2013 #79") is ongoing to see if effects found in the US translate to the UK (\o "Owen-Jones, 2013 #160"). The Family-Nurse Partnership, important though it is, will only affect the lives of relatively few women and children. Both health in pregnancy and pregnancy outcome (\o "Gray, 2008 #42") follow a social gradient. 
Improving outcomes of pregnancy care has to be viewed alongside improving outcomes of postnatal care, to support an effective continuum of health for the woman and her infant.  Current policy has acknowledged the need to plan and provide care before, during and after pregnancy in order to improve life-long health (Royal College of Obstetricians and Gynaecologists, 2011, Children and Young Persons Health Outcomes Forum, 2012).  Furthermore, recent policy has emphasized the importance of the midwifery role to contribute to population and public health, including the education and professional development requirements needed (Department of Health, 2010).  Despite evidence that revision to routine community based postnatal care could enhance maternal mental health (MacArthur et al., 2002, 2003), revision to the timing and content of routine midwifery care post-birth appears to remain a low priority for the maternity services (Royal College of Midwives, 2014). The potential to enhance maternal and subsequent infant and child health through revision of universal care could make an important contribution to public health, yet in many parts of the UK midwifery postnatal contacts have been reduced (Care Quality Commission, 2013) and a decline in the standard of postnatal care reported (NCT, 2010). If we want to bring the health of the majority of women before, during and after pregnancy up to the health of the best, then much more universal intervention will be needed, tailored to be proportionate to need (\o "Marmot Review, 2010 #92").  This will no doubt be expensive but an increasing body of evidence supports an economic case for investing in the antenatal and postnatal periods of life (\o "Doyle, 2009 #2").
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